found that magnesium ion satisfied the metal ion requirement of his aspartase preparation. In view of the discrepancies in the various reports on the cofactor requirements for aspartase and the fact that recent results (Lynen et al., 1959; Kaziro, Leone, and Ochoa, 1960) indicate that avidin exhibits a specific inhibitory effect on biotin-activated enzymes, it appeared of importance to reinvestigate the various factors that have been implicated in the aspartase reaction in order to determine the optimal conditions for the production, extraction, and activation of the enzyme from microbial cells.
peptone medium. The aspartase activity of the cells grown in glucose-salts medium would appear to be too low to provide a mechanism for synthesis of amino groups. Aspartase was purified approximately eightfold by ammonium sulfate precipitation and column chromatography of cell-free extracts. The purified preparation was specific for L-aspartic acid and contained no fumarase activity. A divalent metal ion requirement was demonstrated, this requirement being satisfied by cobaltous or manganous ions. The enzyme activity was found to be dependent upon free sulfhydryl groups. Biotin did not appear to be directly involved in the aspartase reaction since high concentrations of avidin did not alter the reaction rate. The Michaelis constant for aspartase with aspartic acid as substrate was determined to be 0.033 M.
The cofactor requirements for the enzyme aspartase (aspartic acid deaminase) have been investigated by several authors. Lichstein (1951) found that the aspartase activity of Bacterium cadaveris could be abolished by a phosphateaging technique and that the enzymatic activity could be restored bv addition of biotin to a cell suspension. Williams (1957) (1953) found that magnesium ion satisfied the metal ion requirement of his aspartase preparation. In view of the discrepancies in the various reports on the cofactor requirements for aspartase and the fact that recent results (Lynen et al., 1959; Kaziro, Leone, and Ochoa, 1960) indicate that avidin exhibits a specific inhibitory effect on biotin-activated enzymes, it appeared of importance to reinvestigate the various factors that have been implicated in the aspartase reaction in order to determine the optimal conditions for the production, extraction, and activation of the enzyme from microbial cells.
MATERIALS AND METHODS
The organism used in these experiments was Escherichia coli strain B. Two media were used: (i) a salts-glucose medium containing glucose, 4 g; Na2HPO4, 16.5 g; KH2PO4, 1.5 g; (NH4)2S04, 2 g; MgSO4.7H20, 0.2 g; and FeSO4, 0.5 mg per liter and (ii) a peptone-yeast extract medium consisting of 1% each of peptone (Difco) and yeast extract, and 0.5% Na2HPO4. Both media were adjusted to a pH of 7.4 before autoclaving.
For resting cell experiments, the cells were grown in salts-glucose or peptone-yeast extract medium. Larger quantities of cells were propagated in a 20-liter carboy containing 18 liters of peptone-yeast extract medium. All cultures were incubated statically for 18 hr at 37 C. The cells were harvested by centrifugation and washed twice with distilled water. Of several methods tried for disruption of cells and extraction of the enzyme, the method which gave the highest activity was a process of simultaneous lyophilization and grinding. A concentrated cell suspension containing 20 to 40 g (wet weight) of cells was frozen in a thin layer inside a roundbottom flask, glass beads (4 mm in diameter) added, and the flask connected to a flash evaporator (Lab Glass model FE-2). The condensor was immersed in an ethanol-Dry Ice bath, the system evacuated under high vacuum, and the 383 flask assembly rotated. As the water was removed from the cells, they were disrupted by the grinding action of the glass beads. The thawed contents of both the grinding and condensor flasks were diluted with an equal volume of 1 M tris (hydroxymethyl) aminomethane buffer, pH 7.2. All subsequent operations were conducted at 4 C. After 1 hour the suspension was centrifuged at 13,000 X g for 30 min. The supernatant was decanted and stored at -15 C, at which temperature it was stable for several months. This extract contained about 3 mg of protein per ml and had a specific activity of 25 units per mg of protein.
Enzyme purification. Nucleic acids were removed from the extract by precipitation with 0.1 volume of 0.5 M MInCl2. The protein in the supernatant was then fractionated by precipitation with solid (NH4)2S04. The bulk of the aspartase activity appeared in the fraction precipitating between 40 CoCl2, 0.6 ,mole; and enzyme, in a total volume of 4 ml. Incubations were carried out at 37 C for 1 hr. The reaction was stopped by addition of 1 ml of 30% trichloroacetic acid. A sample of the protein-free supernatant was analyzed for ammonia by direct nesslerization (Umbreit, Burris, and Stauffer, 1957) . The values obtained (Racker, 1950 Snell, Eakin, and Williams (1940) . One unit of avidin is that amount which will combine with 1 ,ug of biotin.
RESULTS AND DISCUSSION
Aspartase production by E. coli. Various growth conditions were studied in order to obtain cells with high activity for subsequent purification of the enzyme. Approxiimately a fivefold increase in the aspartase activity was observed in resting cells grown in peptone-yeast extract medium over that observed in resting cells grown in a glucose-salts medium. Extracts of these cells showed high activity and extremely low activity, respectively. The effect of nutrition on aspartase production has been observed by others (Epps and Gale, 1942; Boyd and Lichstein, 1953; Halpern and Umbarger, 1960) . The weight of evidence indicates that aspartase 4 ,umoles; or reduced glutathione, 8 ,umoles. Total volume, 3 ml. Tubes were preincubated at 25 C for 15 min. Then 0.15 M aspartic acid, 1.0 ml, pH 7.2, was added along with p-chloromercuribenzoate, 4 ,umoles, or reduced glutathione, 8,moles, as indicated. Tubes were then incubated for 1 hr at 37 C. The reaction was stopped with 2 ml of 15% trichloroacetic acid. A 2.0-ml portion was transferred to the outer compartment of a Conway dish containing 1 ml of a saturated solution of NaKCO3 in the outer compartment and 2 ml of 1 N H2SO4 in the center well. The dish was sealed and the contents of the outer compartment were mixed. After incubation at 37 C for 1 hr, a 1.0-ml portion was taken from the center well for ammonia determination by means of Nessler's reagent. plays a minor role in the synthesis of amino groups in vivo, since the production of aspartase by E. coli is lowest under conditions in which the cell is required to synthesize its own amino acids for growth. Specificity and requirements for activity of aspartase. The purified enzyme preparation obtained by chromatographic fractionation deaminated L-aspartic acid but not D-aspartic acid, DL-asparagine, L-glutamic acid, or L-cysteic acid. The preparation contained no measurable fumarase activity which greatly enhanced our ability to measure aspartase accurately.
The results presented in Table 1 demonstrate the requirement of the purified preparation for a divalent metal ion. Either manganous or cobaltous ions stimulated the enzyme, manganous ion being the more effective. The low activity of magnesium ion observed here is in contradiction to the finding of Ellfolk (1953) , whose aspartase (Table 2) . Reduced glutathione restored 80 to 88% of the activity at 2 X 10-3 M concentration. Reduced glutathione alone had no effect upon the rate of deamination of aspartate.
To determine the effect of biotin on aspartase, the purified enzyme preparation was incubated with avidin and then tested for activity (Table  3) . The enzyme retained full activity in the presence of avidin. In view of recent demonstrations of the specific inhibition of biotincontaining enzymes by avidin (Lynen et al., 1959; Kaziro et al., 1960) , it would appear unlikely that biotin plays a direct role in the deamination of aspartic acid by aspartase.
Contrary to the results of Ichihara et al. (1955) , the reaction rate of our aspartase preparation was unaffected by folic acid. Pyridoxal phosphate was also ineffective.
Two independent determinations of the Michaelis constant of the enzyme were made with aspartate as substrate, with the spectrophotometric method of assay. Reciprocal plots are shown in Fig. 1 , with two enzyme levels (7.7 and 3.1 units per ml) in the reaction mixtures. The average value for KM was 0.033 it 0.007 M. This figure can be compared with 0.011 M obtained by Smith and Lichstein (1954) and 0.02 M obtained by Williams and McIntyre (1955 
